African Americans experience disparate rates of cardiovascular disease (CVD), and contributing factors to these disparities are now being identified. 1 Lower levels of leisure time physical activity for African Americans may contribute to higher rates of CVD in this group. African American women, especially those living in the Southeast, bear the highest CVD burden with regard to specific risk factors, including physical inactivity. 2, 3 Until recently, many activity studies used measures not validated for ethnic minority groups or that lacked items specific to activities often performed by women. 4 The measurement of physical activity has improved vastly over the past 15 years. The advent of objective monitoring methods such as pedometers and accelerometers and the improvement of self-report measures have increased measurement accuracy. 5 Despite these advances, however, the literature on measures for assessing activity in African Americans remains sparse. The Coronary Artery Risk Development in Young Adults (CARDIA) and the Atherosclerosis Risk in Communities (ARIC) studies, 2 large-scale epidemiologic studies of cardiovascular disease in African Americans and Caucasians, examined self-reported physical activity, but noted limitations of their assessment instruments. 4, 6 The ARIC study used the Baecke physical activity survey, a well-validated instrument in Caucasians, but did not examine its psychometric properties in the ethnically-diverse sample and noted potential concerns with work-related activity perceptions. 4 The Jackson Heart Study (JHS), the largest epidemiological study of CVD in African Americans to date, included 5302 men and women in the baseline written informed consent was obtained from all participants.
Measures
The 40-item Jackson Heart Physical Activity Cohort (JPAC) survey is an interviewer-administered instrument that assesses physical activity over the past 12 months and typically takes approximately 15 minutes to administer. The JPAC provides 4 index (subscale) scores as well as a total score, calculated as the sum of the 4 index scores. The Active Living Index contains 7 items that assess activity during leisure time (similar to the 4 counterpart questions on the KPAS). The Work Index includes 8 items assessing work-related physical activity and is similar to counterpart sections on the KPAS and ARIC measures, with the difference that the JPAC asks about both paid and volunteer work activity. The Work Index included a score for the respondent's occupational intensity (1 = low, 3 = moderate, 5 = high) also, based on the Department of Labor Occupational Codes and consistent with the KPAS. The Home, Family, Yard, and Garden Index ("Home/Life") contains 7 items that assess activities that occur around the home, including care giving, cooking, major and minor cleaning, home repairs, and outdoor work. This Index combined some items from the counterpart section of the KPAS, adapted others to include activities often reported by men, 13 and deleted references to shoveling snow. The Sport and Exercise Index contains 18 items and is identical to counterpart items on the KPAS.
Most JPAC items ask for 5-level, categorical Likertstyle responses, although items on the Sports Index require specification of particular activities. Scoring for the JPAC generally follows procedures described for the KPAS 9 and ARIC 14 instruments. Likert-scale responses for each item are assigned a number (ranging from 1 to 5, with 1 indicating lowest activity) and summed within each index. The resulting summed score is then divided by the number of index items to generate an index score ranging from 1 to 5, with lower scores representing lower relative physical activity. The Work Index score was an average of the 8 Work items as well as the respondent's occupational intensity code. The Sports Index is scored differently from the other 3: Activities are coded by MET intensity, multiplied by the time engaged in each activity, and then mapped onto an ordinal (1-5) scale, with lower scores indicating lower activity. Index scores were not calculated if any items were missing from the respective index. To limit psychometric assumptions, and in contrast to scoring of the KPAS, scores for the Work Index were assigned a weight of 0 if the respondent reported not working (including volunteer work). Total scores are calculated by summing the 4 index scores, and can thus range from 3 to 20 for those respondents with complete data. The JPAC is available for public use at the JHS website: http://jhs.jsums.edu/ jhsinfo/ForResearchers/FormsManuals/Visit1Forms/ tabid/109/Default.aspx (labeled "PACA").
examination. In this observational study, a variety of methods were used to measure physical activity, including self-reported physical activity using the Jackson Heart Physical Activity Cohort instrument, or JPAC, as well as combinations of self-report and objective methods (ie, accelerometer, pedometer) for subsamples. As described by Dubbert et al, 7 the JPAC instrument was derived from modifications to the Baecke physical activity survey 8 used in the ARIC study. Retaining similarities to ARIC measures was desirable because 22% of JHS participants were also part of the Jackson, MS ARIC sample.
The JPAC instrument is most similar to a recent major modification of the Baecke/ARIC instrument, the Kaiser Physical Activity Survey (KPAS). 9 The KPAS was designed to improve physical activity assessment in women by including assessment of physical activity resulting from care giving, housework, and other homeand yard-based activities. Variants of the KPAS have repeatedly demonstrated adequate test-retest reliability (index r = .79 to .91) and validity as related to other subjective and objective indices of physical activity and fitness among ethnically-diverse samples of women. [9] [10] [11] However, the JPAC improved upon the ARIC instrument by providing a more comprehensive measure of physical activity, updating occupational activity coding and sports activity choices, and using MET (multiples of resting metabolic rate, 1 MET = 1 kcal/kg/hr) values of energy expenditure from the 2000 Compendium of Physical Activity 12 to classify sports-related activity. For the JPAC, several items of the KPAS were modified to be applicable to men as well as women and some items were omitted to meet the time constraints of the JHS.
The primary objectives of this study were to establish the reliability and validity of the JPAC instrument in African American men and women. This is the first study to validate the JPAC. Specific goals were 1) to estimate the 2-week test-retest reliability of the JPAC total and index scores; 2) to estimate the validity of the JPAC total and index scores using 2 objective comparison measures of physical activity (Actigraph accelerometer and Yamax pedometer) in 2 separate samples; and 3) to estimate the validity of the JPAC measure using a subjective comparison of physical activity (past week physical activity recall). We hypothesized that test-retest reliability would be satisfactory over the 2-week interval and that self-reported activity from the JPAC would be moderately correlated with objective activity data gathered from accelerometers and pedometers and with subjective activity reported in the past week.
Methods
The research was approved by the Institutional Review Board of the University of Mississippi Medical Center, with ratification by the boards of the Jackson State University and Tougaloo College study partners, and mine the amount of time (in minutes/day) spent performing ≥ moderate intensity physical activity (≥3.00 METs) during the monitoring period.
Validation with Pedometer Data
Another subset of individuals from the JHS participated in the JHS Diet and Physical Activity Substudy (DPASS, N = 499), which was developed to provide more detailed information about the dietary and activity habits of JHS participants (see Carithers et al 19 ) . Like other JHS participants, DPASS participants were administered the JPAC at their home before their JHS clinic examination. Two to 3 months later, at the first DPASS visit, they completed a 7-day physical activity recall (the physical activity module of the Behavioral Risk Factor Surveillance Survey, or BRFSS). 20 Before their next DPASS clinic visit, they were mailed a Yamax SW-200 pedometer (Yamax Corporation, Tokyo, Japan) to wear and record steps for 3 consecutive days during the week before their return clinic visits. The Yamax brand has been shown to accurately quantify steps taken in both laboratory 21 and free-living conditions. 22 Data from the Yamax SW-200 pedometer also correlate strongly with those obtained from the Actigraph accelerometer. 23 The step count data were typically collected 3 to 6 months after administration of the JPAC, depending on when the participant entered the DPASS protocol. Figure 1 details the time sequencing of data collection for both the accelerometer and DPASS (pedometer) subsamples. Both the JHS and the DPASS were observational studies with no interventional components.
Participants were instructed to leave their pedometer affixed to their waist and go about their typical activities, removing the pedometer only while bathing, swimming, or sleeping. They were asked to record their daily steps each evening for the 3 days of monitoring in a provided step log and to reset the pedometer to zero. Resulting daily pedometer step counts were averaged across all available days.
Data Analysis
Statistical analyses were conducted using the Statistical Analysis System (SAS Institute, Cary, NC) and the Statistical Package for the Social Sciences (SPSS, SPSS Inc., Chicago, IL) version 13.0. To assess test-retest reliability of the JPAC subscales and total scale, intraclass correlation coefficients (ICCs) between the first and second JPAC administrations were calculated within the reliability sample. A 2-way, mixed effects model was used (person effects random, measure effects fixed) to designate the ratio of between-groups variance to total variance. Convergent validity with objectively-measured physical activity (24-hour accelerometer data and 3-day pedometer data) was assessed in 2 ways: 1) Participants were separated into tertiles based on their JPAC total scores, and objective physical activity data were compared across tertiles using linear trend analyses and
Test-Retest Reliability
For the purposes of evaluating the test-retest reliability of the JPAC, a convenience sample of adult African Americans was recruited from a college campus and local churches via advertisements and word-of-mouth during 2003. Efforts were made to match pairs of participants on relevant demographic variables (ie, age, gender). Participants of the JHS were excluded. The JPAC was first administered during a face-to-face interview and subsequently readministered via phone 2 weeks later by a trained African American interviewer. Because occupational information was not available for this sample, the intensity value of the respondent's given occupation was not included in computations of testretest coefficients for the Work Index.
Validation with Accelerometer Data
A trained African American interviewer administered the JPAC to each JHS participant at his/her home before the initial clinic examination. A subset of JHS participants agreed to wear a 24-hour blood pressure monitor and an accelerometer for 1 day following the clinic examination 1 to 3 months later. At the close of the clinic examination, these participants were provided with a Manufacturing Technology, Inc (Model 7164 Actigraph, MTI, Fort Walton Beach, FL) accelerometer to objectively quantify their free-living physical activity for a continuous 24-hour period. The accelerometer monitoring period commenced immediately following the clinic examination and occurred simultaneously with 24-hour ambulatory blood pressure monitoring. JHS study personnel retrieved both instruments the following day.
The Actigraph accelerometer is a small (5.08  4.06  1.52 cm), lightweight (42 g), battery-powered device that measures acceleration and deceleration of movement (at a magnitude of 0.05 to 2G and frequency of 0.25 to 2.5 Hz) in a single vertical plane over a userdefined time interval (epoch). The Actigraph accelerometer has been shown to be a valid objective measure of moderate-level energy expenditure in both laboratory 15 and field settings, 16 and for these reasons it is often used for estimating the validity of newly-developed self-report instruments. Before distribution, each accelerometer was initialized to sample movement data at 1-minute epochs; after each epoch, the accumulated count was stored in memory and reset to zero automatically. Participants were instructed to affix the accelerometer in a provided waist pouch, worn at belt level. They were further instructed to remove the device only while bathing, swimming, or sleeping and not to alter their typical activity patterns. After the 24-hour monitoring period concluded, data for each accelerometer were downloaded to a digital file for subsequent analysis. In addition to raw accelerometer counts, previously established and widely-used cutpoint values (Hendelman et al, 16 Freedson et al, 17 and Swartz et al 18 ) were used to deter-accelerometer counts (Table 2) , a finding similar to that reported in other studies of accelerometer-measured activity. 24 Specifically, the Freedson et al cutpoint 17 resulted in the most conservative estimate of moderate + vigorous activity, as even the highest JPAC tertile engaged in only 13.56 minutes (SD = 21.61) of moderate/vigorous activity per day. The cutpoint recommended by Hendelman et al 16 yielded the most liberal estimate (mean for highest JPAC tertile = 258.01 minutes/day ± 103.30), while the cutpoint of Swartz and colleagues 18 produced estimates that were between those of Freedson and Hendelman (mean for highest JPAC tertile = 106.14 ± 62.99).
To assess the validity of the JPAC in relation to accelerometer-measured activity, participants first were separated into tertiles based on their JPAC total scores. Linear trend analyses were then conducted to determine whether the JPAC group tertiles evidenced true differences in objectively-measured physical activity. As can be seen in Table 2 , raw accelerometer counts/min increased significantly as JPAC total scores increased. Likewise, as JPAC total scores increased, minutes of ≥ moderate intensity activity increased significantly for 2 of the 3 most common recommended cutpoints (the third trending toward significance at P = .08).
As a second means of establishing the JPAC as a valid indicator of objectively-measured physical activity, Spearman correlations between JPAC scores and accelerometer values were calculated. Table 3 displays the correlations between JPAC scores and accelerometer counts and minutes of various-intensity activity. The JPAC total (rho = .24, P < .0001) and 3 of the 4 index scores (rho = .11 to .17) were significantly and positively correlated with mean raw accelerometer counts/ min. JPAC total scores also were significantly correlated with minutes of ≥ moderate-intensity activity regardless 2) Spearman correlations between accelerometer/ pedometer values and JPAC total and index scores were calculated. (Spearman correlations were used because the activity scores were not normally distributed.) Within the pedometer sample, Spearman correlations between JPAC scores and self-reported variables from the BRFSS 7-day physical activity module were also computed.
Results

Test-Retest Reliability Sample
Complete test-retest data were available on 40 African Americans. The demographic characteristics and mean JPAC scores for these individuals are presented in Table  1 . The intraclass correlations for the 2-week test-retest reliability of the JPAC were very high, despite the fact that the 2 administrations used different formats (faceto-face interview vs. phone interview). Reliability for the JPAC total score was .99, and index score reliability coefficients were all .99, confirming that scores for the JPAC 12-month recall were virtually invariant during the 2-week administration interval.
Validation with Accelerometer Sample
Four hundred and four (404) JHS participants participated in 24-hr ambulatory monitoring using an accelerometer. Table 1 presents the demographic characteristics of the accelerometer sample, as well as their mean scores on the JPAC. As is evident from the table, the majority of participants in this sample were middleaged, female, and overweight/obese. Minutes per day spent in activities of ≥ moderate intensity varied considerably depending upon the cutpoint used to classify raw minutes, vigorous minutes, moderate + vigorous minutes, minutes walked) from the 7-day recall were noted with higher JPAC total scores, this trend was significant only for self-reported minutes walked. In this case, participants in the highest JPAC tertile reported walking approximately 60 minutes/week more than the lowest JPAC tertile and 25 minutes/week more than the middle tertile.
Spearman correlations between the JPAC total and index scores and pedometer counts/day and self-reported activity from the 7-day recall were calculated as they were with the accelerometer sample (see Table 3 ). The JPAC total score correlated most strongly with daily pedometer counts (rho = .32, P < .0001), while the Sports (rho = .29, P < .0001) and Home/Life (rho = .15, P = .01) Index scores were also significantly correlated with daily counts. The Active Living and Work Index scores did not correlate significantly with daily pedometer counts. Regarding self-reported activity in the pedometer sample, the majority of JPAC scores (Total and Index scores) were significantly correlated with minutes of moderate activity, minutes of vigorous activity, minutes of moderate + vigorous activity, and minutes walked over the past week. The consistent exception was that Work Index scores did not correlate significantly with other self-reported physical activity, a finding similar to that obtained regarding the relationship between the Work Index and the objective measures.
of the cutpoint used (rho = .17 to .25, all P < .001). With the exception of the Work Index scores, minutes of ≥ moderate activity were significantly correlated with the various JPAC subscales, although there was some variability in these correlation coefficients depending upon the index and the cutpoint used.
Validation with Pedometer Sample
Pedometer data were obtained for 382 of the 499 participants enrolled in the DPASS. To maintain consistency with previous literature suggesting that 3 days of pedometer data are needed to provide a sufficient estimate, 25 participants with less than 3 days of complete data were excluded from data analysis; those with extremely low (<1,000 mean daily steps) or extremely high (>20,000 mean daily steps) step averages were likewise excluded to remove outliers and suspect data. After these exclusions (n = 88), 294 participants remained with viable pedometer data, 55 of whom were also part of the accelerometer sample. Although the 88 excluded participants were older (P < .01), less educated (P = .01), and had a higher proportion of males (P = .03) than those retained, there were no differences between those excluded versus those retained on weight, BMI, marital status, or any JPAC scores. Demographic and psychometric information for the pedometer sample is shown in Table 1 , indicating that the pedometer sample was quite similar to the accelerometer sample.
As was the case with linear trend analyses with the raw accelerometer counts, raw pedometer counts/day increased significantly (P < .0001) from the lowest to highest JPAC total score tertiles (see Table 2 ). Although increases in self-reported minutes of activity (moderate Note. Mean JPAC scores for the reliability sample are based on the first of 2 administrations so as to negate the potential influence of practice effects.
reported activity on the JPAC. Validity coefficients for the JPAC total score were typically higher than those of the index scores for both accelerometer and pedometer measures (.24 and .32, respectively). Compared with other work of this genre, these correlations are generally comparable although slightly smaller in size. 24, 27 The more modest correlations obtained in the current study may be explained in part by the facts that the accelerometer was worn for only 24 hours and simultaneously with an ambulatory blood pressure monitor, the pedometer was worn for 3 consecutive days, and both objective measures occurred at least 1 to 3 months after the JPAC interview. These methodological limitations were dictated by concerns about overall JHS participant burden and imply that the obtained validity coefficients may be underestimates. The correlations and their significance levels thus are relatively impressive given these limitations.
With the exception of the Work Index, relationships between the JPAC subscales and objective activity data were typically significant but varied. Consistent with validation studies of the Baecke-type instruments, the Sports Index correlated most strongly with other measures. Despite excellent test-retest reliability, the Work Index correlated poorly with objective measures of physical activity. Other investigators have also reported similarly high reliability but poor validity for the work
Discussion
This study evaluated the reliability and validity of the instrument used to assess physical activity among African Americans of the Jackson Heart Study cohort (JPAC). Test-retest reliability was assessed using a convenience sample of 40 African Americans. Results indicate excellent test-retest reliability across a 2-week interval for both the total scale and the 4 subscales (Active Living, Sports, Home/Life, Work). In each case, the ICC well exceeded .80, the value considered adequate in research on physical activity. 26 Reliability coefficients may be particularly high because of the nature of the broad response categories on the JPAC and brief test-retest interval. Researchers wishing to use the JPAC can thus be confident that this measure is stable over time.
Validity using objectively-measured accelerometer and pedometer data were assessed using 2 large subsamples from the Jackson Heart Study. Both subsamples were descriptively similar to the entire JHS sample of 5302 African Americans, in which the majority of JHS participants are middle-aged (M = 54.9, SD = 12.9), female (64.03%), and overweight/obese (M BMI = 31.9, SD = 7.6). 1 Linear trend analyses using tertiles of JPAC total scores confirmed that accelerometer and pedometer counts increased significantly with increased self- Abbreviations: PWA, past week activity recall from the Behavioral Risk Factor Surveillance Survey 20 (self-reported recall of minutes of various intensity activity within pedometer sample). Note. Sample sizes across columns of JPAC tertile total scores add up to less than the total sample size for the accelerometer and pedometer samples, as total scores were not calculated for those participants who had 1 or more missing index scores.
the moderate intensity estimates of Freedson and Swartz are likely most informative for the current study, particularly in view of high rates of inactivity among African Americans in the southeastern United States. This study has several strengths that contribute to our understanding of physical activity assessment. This is one of the very first physical activity assessment instruments to be validated specifically for use with African Americans. The methods used in the current study also permit comparisons between self-reported activity and 2 objective measures of physical activity in minimally overlapping African American samples, samples which are considerably larger than those typically employed in research on physical activity assessment. Thirdly, our study analyzed the validity of the JPAC using 3 different accelerometer cutpoints in addition to raw counts; this decision was intended to inform not only statements about the validity of our measure but also to spark further dialogue about the relative discrepancies between these 3 commonly-used cutpoints. Limitations described above (eg, small convenience sample for reliability analyses, collection of accelerometer data in conjunction with wearing an ambulatory blood pressure monitor, time interval between the objective measures and the JPAC interview) were dictated by concerns about participant burden but merit attention in future studies.
In summary, our results found that the JPAC is a highly reliable measure of physical activity in African Americans and reflects objectively-derived activity data subscale of the Baecke physical activity survey compared with other types of physical activity, 28, 29 possibly because of inaccurate reporting and inability of accelerometers to detect upper-body activity contributing to work scores. 24 Work physical activity in ARIC was inversely related to sports and other exercise, 30 rendering it most useful as one component of total activity rather than as an individual predictor per se. The poor validity of this index despite the strong validity of the JPAC total appears to support this notion.
Disagreement exists about which accelerometer cutpoints are most appropriate for quantifying minutes of activity in various types of physical activity research. 31 The 3 most common cutpoints for minutes of moderate or higher activity were employed in the current study, [16] [17] [18] and our data confirm the considerable discrepancies between these 3 metrics. 9 The most liberal cutpoint of Hendelman et al 16 was less strongly correlated with JPAC total scores and resulted in estimates that even the lowest JPAC tertile engaged in nearly 4 hours of moderate + vigorous activity per day. Thus, it is very likely that the moderate-activity cutpoint of Hendelman et al is too overinclusive. By comparison, the more conservative cutpoints of Freedson et al 17 and Swartz et al 18 provided estimates that the middle JPAC tertile engaged in 8.38 and 97.89 minutes of moderate + vigorous activity daily, respectively. These estimates were also significantly associated with JPAC total scores in the linear trend analyses, unlike those of Hendelman et al Thus, relatively well. Modest but statistically significant correlations were obtained between the JPAC Total Score and raw accelerometer counts, minutes of moderate + vigorous accelerometer-measured activity, mean daily pedometer counts, and self-reported activity minutes over the past week. Smaller but significant associations were found also between 3 of the 4 JPAC index scores and the various indices of objectively-measured activity, the one consistent exception being poor validity for the Work Index. In conjunction with limitations of the current study, these findings suggest that the JPAC is an appropriate measure to assess physical activity of African Americans that occurs across multiple domains (active living, sports/exercise, home life, and paid or volunteer work). The consistently strong associations between the JPAC total score and the various objective metrics indicate that researchers can use the JPAC total score as a single variable measure of physical activity for a variety of analyses. Evaluating the JPAC with objective measures over longer periods of time and with African Americans from geographic areas other than the southeastern United States will be valuable for future research.
